Abstract: Pathologic myopia (PM) is a major cause of irreversible visual impairment worldwide and especially in East Asian countries. The complications of PM include myopic maculopathy, myopic macular retinoschisis, dome-shaped macula, and myopic optic neuropathy. Posterior staphyloma is an important component of the diagnosis of PM and one of the hallmarks of PM. The photographic classification and grading system for myopic maculopathy has already been determined. Conventionally optical coherence tomography (OCT) was commonly used in PM and enabled investigators to image deeper tissue such as choroid and sclera. Today, the technological advances in OCT imaging including ultra-widefield OCT and 3-dimensional construction of OCT have given clinicians a novel insight on variable morphology in the PM.
laser as the light source 8 and has less sensitivity roll-off with tissue depth than conventional spectral-domain OCTs. The current swept-source OCT instruments use a longer central wavelength, generally in the 1-μm range, which has improved their ability to penetrate deeper into tissues than the conventional spectral-domain OCT instruments. With this deeper penetration, evaluations of the choroid and sclera are potentially possible.
ULTRA-WIDEFIELD OCT FOR POSTERIOR STAPHYLOMA
Posterior staphyloma is a hallmark of PM. 7, 9, 10 It has been defined by Spaide et al 10 as an outpouching of the ocular wall with a smaller curvature radius than the surrounding ocular wall. Previous studies revealed that highly myopic eyes with posterior staphylomas had a significantly worse visual and anatomical outcome than highly myopic eyes without staphylomas. 6, 11 Guo et al 11 investigated the relationship of eye shape, myopic maculopathy, and visual acuity in 95 relatively young HM patients with a mean age of 32.0 ± 14.0 years. Compared with eyes without posterior staphyloma, eyes with posterior staphyloma had a higher percentage having equal to or more serious diffuse atrophy (81.8% vs 54.8%) and having best-corrected visual acuity of <20/40 (50.0% vs 11.0%).
Despite its importance, the description of posterior staphylomas has so far been based mostly upon ophthalmoscopy. Based on their ophthalmoscopical appearance, Curtin 9 differentiated posterior staphylomas into 10 different types in 1977. Later, Moriyama et al 12 applied 3-dimensional magnetic resonance imaging (3D-MRI) and Ohno-Matsui et al 13,14 used a combination of 3D-MRI and ultra-widefield (UWF) fundus imaging to classify posterior staphylomas into 6 different types: the wide macular type, the narrow macular type, the peripapillary type, the nasal type, the inferior type, and other configurations, based on the size, shape, and location of the staphylomas.
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The 3D-MRI has an advantage of visualizing the shape of the whole eye including the anterior ocular segment. Such technique is, however, not as feasible as a screening technique, and due to a relatively low spatial resolution, subtle changes of shallow staphylomas are difficult to detect. Also, 3D-MRI cannot differentiate between the retinal, choroidal and scleral tissue. Since the 3D-MRI technique uses T2-weighted images showing intraocular fluid, 3D-MRI demonstrates the vitreo-retinal interface or the inner surface of the retina and does not show local variations in the thickness of the choroid and sclera.
Optical coherence tomography analyzes the curvature of the sclera in eyes with PM. 16, 17 Due to the limited scan length and depth of devices previously available, the OCT technology was limited in its usefulness for visualization of posterior staphylomas. Comparing with spectral-domain OCT, the recently developed swept-source OCT technology improved the detectability of staphylomas, however, this was markedly limited by its relatively short length of the scan line. 18 A new prototype of UWF-OCT system uses not only one but multiple scan lines and generates scan maps allowing the 3D reconstruction of posterior staphylomas in a region of interest of 23 mm × 20 mm and a depth of 5 mm. Applying UWF-OCT, we visualized posterior staphylomas in highly myopic eyes in their full 3D extent, and compared the detectability of staphylomas by widefield (WF)-OCT and by 3D-MRI.
On the WF-OCT images, all staphylomas -with the exception of 2 large staphylomas which were detected by 3D-MRI -were located in their whole length and width within the scanned region of interest (Fig. 1  19 ) . Morphological hallmarks of the posterior staphylomas as examined by WF-OCT were a smoothly configured border with a gradual thinning of the choroid from the periphery towards the edge of the staphyloma and a gradual re-thickening of the choroid in a direction towards the posterior pole. Additionally, there was a gradual thickening and inward protrusion of the sclera at the staphyloma edge. The 3D WF-OCT images also visualized the spatial relationships between the staphyloma and the optic nerve head as well as retinal vessels (Fig. 1   19 ).
UWF-OCT FOR MYOPIC MACULAR RETINOSCHISIS
Myopic traction maculopathy was first proposed by Pannozzo and Mercanti 20 as the pathologic features caused by tractions in the myopic environment. Such disorder is one of the major macular complications of PM, and frequently causes visual impairment in a natural course. 21, 22 The representative retinal findings are retinoschisis and inner lamellar hole, and full-thickness macular . An inward protrusion of the sclera and a thinning of the choroid are observed at the edge of the staphyloma in the horizontal section and in the vertical section (arrows). The staphylomatous region shows a posterior displacement of the sclera nasal to the staphyloma edge in D and inferior to the staphyloma edge in E. F to H, 3D WF-OCT images viewed from the anterior (F), the nasal (G), and the inferior side (H), showing a scleral outpouching (arrowheads) due to a wide macular staphyloma. In F, the staphyloma border is spatially associated with the optic nerve head and the retinal vessels.
hole is the progressed stage of MTM and becomes a cause of severe visual impairment.
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The traction mechanisms causing MTM were diverse and have been reported to include epiretinal membrane, remnant cortical vitreous plaques after posterior vitreous detachment, perifoveal posterior vitreous detachment with vitreomacular traction, elements intrinsic to the thinned retina such as a taut internal limiting membrane, and shortened retinal arterioles. 8, 20, [23] [24] [25] [26] While all these mechanisms cause the anterior traction against the retina, posterior staphylomas which are thought to cause the posterior traction have also been considered to be associated with the development of MTM. 20, [27] [28] [29] [30] However, the earlier studies included a small number of cases with MTM and the diagnoses of posterior staphyloma were performed by ophthalmoscopy or color fundus photography which were rather suggestive. Therefore, the detailed association between posterior staphylomas and MTM was not elucidated yet.
A posterior staphyloma was detected significantly more frequently in eyes with MRS than those without MRS. In all eyes with both staphyloma and outer retinoschisis, the area of the outer retinoschisis was restricted to the area within the staphyloma (Fig.  2 31 ). In one of the 19 eyes with outer retinoschisis but without staphyloma, the outer retinoschisis extended beyond the range of the scanned fundus area (Fig. 3 31 ). Such information on a spatial relationship between MRS and staphylomas is considered important in making surgical strategies.
OCT FOR DOME-SHAPED MACULA Dome-shaped macula (DSM) was first described by Gaucher et al 32 using OCT as inward bulge in the macular area inside the staphyloma which may cause visual impairment in myopic patients (Fig. 4) . According to the definition of Ellabban et al, 33 DSM was defined as an inward bulging of the retinal pigment epithelium (RPE) line of more than 50 μm above a baseline connecting the RPE lines on both sides outside of the DSM. The prevalence of DSM in HM eyes has been estimated up to 20% in Japan 34 and approximately 10.7% in Europe.
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Although the appearance of a horizontal ridge and macular pigmentation in fundus photographs may give some clues for the presence of DSM, 34 there is still lack of specific abnormality ophthalmoscopically. Examination by OCT is crucial for the diagnosis of DSM and 3D reconstruction of OCT allows precise investigations of DSM. 33, 35 However, DSM is not always visible in all radial or crisscross OCT scans. Caillaux et al 35 classified DSM into 3 morphologic patterns: round dome, and vertically or horizontally oval-shaped domes. The typical dome was characterized by a round and radially symmetric inward bulge which can be seen in both horizontal and vertical scans. However, the majority of DSM was not a typical round dome but a horizontally oriented, oval-shaped dome [33] [34] [35] [36] [37] [38] in which the inward bulge can be detected only in vertical axis and horizontal axis was either slightly convex or flat. The prevalence of horizontal dome was approximately 62.5% to 91.6% in all types of DSM, whereas the typical round dome was 4.2% to 20.8%.
30,35-37 The FIGURE 2. Outer and inner retinoschisis within the area of a wide macular posterior staphyloma in images obtained by widefield optical coherence tomography (WF-OCT). 31 A, Left fundus of a 72-year-old woman (axial length, 29.7 mm) with a wide staphyloma (white arrowheads). The 2 long white arrows show the lines scanned by the WF-OCT which are shown in D and E. B and C, 3D WF-OCT images viewed from the front (B) and the temporal side (C) showing a scleral outpouching (white arrowheads) due to a wide macular staphyloma. The edges of the staphyloma are marked by a notch (white arrow in C). D to F, Cross-sectional WF-OCT images: horizontal scan (D), vertical scan (E), and magnified image of E (F). White arrows in D and E show the staphyloma edge, associated with a slight inward protrusion of the sclera and a gradual thinning of the choroid coming from the periphery toward the staphyloma edge and a gradual re-thickening of the choroid coming from the staphyloma edge toward the posterior pole. An extended outer retinoschisis with a circumscribed macular retinal detachment (D, asterisk) does not extend beyond the staphyloma edge. Epiretinal membrane with internal limiting membrane (yellow arrows in F) can be seen within the area of the inner retinoschisis (E and F). The outer surface of the posterior vitreous is denoted by the yellow arrowheads (D, E, F), and a retinal vessel is marked by a red arrowhead (F). Reproduced with permission from the American Academy of Ophthalmology.
third type was vertical DSM which is relatively rare in Japanese groups (0% to 4.2%) 33, 36, 37 that presented only in the horizontal sections. Significant variations of morphology may be observed in different orientation of OCT lines, radial scanning protocol or at least both vertical and horizontal scans should be suggested when imaging eyes with DSM.
The pathogenesis of DSM remains unclear and disputed. Gaucher et al 32 observed in some eyes that the thickened choroid : A, Left fundus of a 65-year-old woman with an axial length of 33.2 mm showing multiple whitish, well-defined patchy atrophies superior and inferior to the macula. B, Vertical OCT section across the fovea shows an inward protrusion due to DSM. Bruch membrane remained at the center of macula, but stopped abruptly (yellow arrows) on both sides of the dome. C, The shape in the macular area was flat in horizontal OCT section across the fovea. in the macular area may lead to the convexity of macula. However, Imamura et al 39 argued that a local thickening of the subfoveal sclera instead of choroid was more likely the cause of DSM. Targeting at the longitudinal observation of choroid, sclera and bulge height of DSM by OCT was helpful to understand the morphologic change in DSM. 40 , 41 Ellabban et al 40 found the height of dome increased with the sclera thinning which is more profound in parafoveal area than fovea center during 2 years. Although Soudier et al 42 confirmed the finding about apparent increase of DSM height over time, they considered that the reason is the deepening of the surrounding staphyloma instead of growing inward by itself. Fang et al 36 reported that macular Bruch membrane defect might also involve in the formation of a DSM by a focal relaxation of the posterior sclera that no longer pushed outward by an expanding Bruch membrane but partially bulged inwardly.
The macular complications in DSM include serous retinal detachment (SRD), 32, 34, 35, [37] [38] [39] 41 choroidal neovascularization, 43 and retinal pigment epithelial abnormalities. 32 The prevalence of SRD is markedly variable from 2% to 67%. The relationship between SRD and DSM is still mysterious. It was thought to be related to sclera thickening under the dome that resulted in resistance to choroidal fluid outflow. 39 Other factors such as a higher macular bulge height, 35, 41 lower degree of myopia, 44 and vertically oriented oval-shaped domes 35 were also found to be associated with the presence of SRD in DSM. Tan et al 45 compared 2 groups with and without SRD in DSM/staphyloma/ tilted disk syndrome and demonstrated that the eyes with SRD had a higher rate of abrupt change in choroidal thickness and associated pachyvessels which may cause RPE dysfunction and SRD. The treatment recommendation for SRD in DSM is still not solved.
In eyes with DSM, the best-corrected visual acuity usually remains stable over time, and SRD does not seem to be a significant cause of visual impairment. 44, 46 Soudier et al 42 also found that the size of macular RPE atrophy seems to correlate with bulge height while subretinal fluid may increase or disappear spontaneously. However, a bulge height of more than 400 μm has been associated with lower visual acuity, subfoveal serous detachment, and greater RPE atrophy. 46 Recently, Xu et al 47 confirmed that DSM could be present in 9.2% of HM patients who are younger than 20 years. The young patients with DSM did not show the visual loss and the macular elevation was much lower (124 μm) than elderly patients with DSM (206 μm). It seems that the DSM itself, the inward contour in macular area, may not affect the vision. In case of the complication such as RPE damage induced by SRD, the vision impairment might occasionally appear after a long-time follow-up. Although DSM is an important finding in HM, it was also found in mildly myopic 44 or even in emmetropic eyes. 48, 49 A better understanding of those morphological changes in macula will help us elucidate the pathological process of myopia.
NEW CLASSIFICATION OF MYOPIC MACULOPATHY
Although the META-PM classification is well-suited to identify the various stages of myopic maculopathy, this classification is only based on fundus photographs which could affect an accurate diagnosis of atrophic lesions because of different looks according to the degree of fundus pigmentation among races. In addition, other myopic macular lesions such as MTM and DSM were not included. Thus, OCT-based classification has been developed. 50 The cut-off value of choroidal thickness may be useful to accurately diagnose peripapillary diffuse choroidal atrophy and macular diffuse choroidal atrophy regardless of the degree of pigmentation in fundus photographs.
Recently, Ruiz-Medrano et al 51 published a prestigious review summarizing the main feature of PM and proposed a new, more comprehensive classification system based on 3 key factors -atrophy (A), traction (T), and neovascularization (N) -called the ATN classification system. 51 This proposed classification system does not make any changes to the current atrophy classification (5 categories in META-PM), but it does include new proposals for the classification of the tractional and neovascular components which are considered a "plus sign" in META-PM. The simple, universally accepted classification system for myopic maculopathy might be used in future studies to ensure comparability among the studies.
CONCLUSION
Advances in retinal imaging, especially OCT, have clarified morphology of various tissues affected by PM in a very wide and deep range. These data provide great knowledge for understanding the pathophysiology of PM and new therapeutic approaches for PM.
